The response of the Intoxilyzer 8000C (version approved for evidentiary breath alcohol testing in Canada) to volatile solvents in vitro is described. Acetone, isopropanol, and methanol were prepared as aqueous solutions or dilutions of standard alcohol solution (SAS; 1.21 mg ethanol/mL) to generate apparent blood ethanol concentrations (aBEC) of 50 or 80 mg/dL. Solvent concentrations examined were relevant to clinical or impaired driving scenarios. Replicates of 20 aBEC measurements were made for each mixture and the actuation of the "INTERFERANT DETECT" message (IDM) was noted. Measurements of aqueous acetone (0-40 mg acetone/dL), isopropanol (0-100 mg isopropanol/dL), and methanol (0-100 mg methanol/dL) yielded aBECs of 0, 0-43, and 0-55 mg/dL, respectively. The minimum concentration examined at which the IDM was actuated in 100% of replicates was 25, 30, and 100 mg/dL for acetone, isopropanol, and methanol, respectively. The maximum concentration examined at which the IDM was actuated in none of the replicates was 5, 10, and 50 mg/dL for acetone, isopropanol, and methanol, respectively. In examinations of acetone/isopropanol mixtures in diluted SAS where the IDM was not always actuated, the maximum BEC overestimation was 10 mg/dL. Overall, the potential for significant undetected BEC overestimation is low and may be further reduced through truncation of test results and subject observation.
Introduction
The development of breath analysis as a tool in the assessment of suspected drinking drivers has included a significant body of research focused on the selectivity of response of analytical instruments used for breath alcohol measurements. Specific attention has been paid to those substances which may generate a measurable response on a given instrumental configuration and/or which may arise in the blood of an individual through intentional exposure (e.g., solvent abuse), through occupational exposure (e.g., industrial solvents), or through a disease state (e.g., acetone in ketoacidosis). As new breath analysis instruments are developed, each must be assessed with respect to its response to potential interferants. Accordingly, reports on the response of various instruments used for breath alcohol screening (1) and evidentiary measurements (2-4) to a range of different potential interferants of forensic interest have been published.
The Intoxilyzer 8000C is a relatively new instrument, recently approved for evidentiary breath testing under the Criminal Code of Canada (5) . Measurement of breath alcohol by the Intoxilyzer 8000C is based on infrared absorbance at 3.4 μm and 9.4 μm, corresponding to C-H and C-O stretch vibrations, respectively. This differs from its predecessors, the Intoxilyzer 5000 and Intoxilyzer 4011, which make use of absorbance at 3.39 and 3.48 μm in the measurement of ethanol, with the Intoxilyzer 5000 also using a baseline measurement at 3.80 μm. The Intoxilyzer 8000C, like the Intoxilyzer 5000C, is equipped with an algorithm for the detection of interferants based on the calculation of the ratio of absorbance values at the two measured wavelengths. For a pure substance, the absorptivity at a given wavelength is constant, although deviations may occur at low concentrations due to background and noise contributions and at high concentrations due to intermolecular interactions. Consequently, the absorptivity (ε), along with the path length (b), form the proportionality constant in the Beer-Lambert equation: a given substance. However, absorbance measurements represent the sum of all contributions from all substances in the optical path. Hence, the presence of a volatile compound, other than ethanol, with significant absorbance at 3.4 and 9.4 μm may lead to a significant deviation of the absorbance ratio from that of pure ethanol and trigger an "INTERFERANT DE-TECT" message and accompanying tone.
In evaluating the response of a given instrument to volatile compounds suspected of generating an interfering analytical signal, the interferant concentrations examined should be relevant to those which may be expected to arise in the majority of casework related to impaired driving (i.e., there is relatively little need to examine interferant concentrations that are known to be fatal or sufficiently toxic to render driving nearly impossible in most subjects). This approach has been taken in a number of studies using other instruments (2) (3) (4) . However, it is also critical that sufficient sampling be undertaken at each concentration level examined, especially in those cases where the instrument is equipped with an interferant detection algorithm. In those instruments which detect interferants through measurement of an absorbance ratio, the observed ratio depends on the relative concentration of ethanol and potential interferant in the breath sample, as well as signal-to-noise ratio considerations. As a result, it is possible that the absorbance of a potential interferant is strong at only one of the measured wavelengths, resulting in actuation of the interferant detection mechanism while not generating an apparent blood ethanol concentration (aBEC) measurement. Conversely, at sufficiently low interferant concentrations, an interferant contribution to the absorbance ratio may be correspondingly small and may not actuate the interferant detection message. In some cases, random variability in terms of the absorbance ratio, arising from a number of factors that depend on the instrument, interferant concentration, and quality of the breath sample provided, may lead to situations where the interferant detection message is actuated in one measurement, but not actuated in a replicate measurement. If the interferant in question still generates a measurable aBEC at such concentrations, then the evidentiary breath measurement may be falsely elevated without any indication to the operator. This would be especially problematic at measured BECs near the prescribed legal limit for driving in a particular jurisdiction.
In a report describing various performance characteristics of the Intoxilyzer 8000, Razatos et al. (6) reported the response of the instrument to aqueous solutions of a number of potential volatile interferants, including acetone, isopropanol, benzene, toluene, and methylene chloride. In that report, solvent concentrations were reported as the equivalent in breath (g/210 L), although it was not clear how those concentrations were determined. Additionally, the results were reported as the mean apparent breath alcohol concentration that resulted (g/210 L) from five replicate measurements, or denoted as "Interferant" in cases where the interferant detection mechanism was actuated.
The purpose of this study was to evaluate the response of the Intoxilyzer 8000C to a series of volatile compounds of forensic relevance (acetone, isopropanol and methanol) at various solution concentrations, where the concentration ranges were chosen based on blood or plasma concentrations associated with non-fatal toxicity, as may be most likely encountered in casework related to impaired driving. An in vitro experimental configuration was used, with the intention of building on the work presented by Razatos et al. (6) . This study builds on that work by including a significantly greater number of replicate measurements for each solution to examine whether concentration windows would be observed where the interferant detection mechanism was actuated in less than 100% of replicate tests, and by examining solutions at forensically significant target BECs of 50 and 80 mg/dL.
Methods

Chemicals
All solvents were obtained from EMD Chemicals (Gibbstown, NJ) and were HPLC-grade, with purity of 98.5% or greater. Standard alcohol solutions (SAS) containing 1.21 mg ethanol/mL were obtained from Bodycote (Mississauga, ON, Canada). These solutions were intended for use in checks of calibration of evidentiary instruments for breath alcohol analysis, and designed to provide a measurement of 100 mg/dL when used with a wet-bath simulator with operating temperature of 34.0 ± 0.2ºC.
Instrumental configuration and analytical protocol
The instrument used was an Intoxilyzer 8000C (CMI, Owensboro, KY), equipped with a Guth Laboratories model 590 portable wet-bath simulator (Guth Laboratories, Harrisburg, PA). All solutions examined were sampled from the headspace above aqueous solutions within the simulator, where solutions are heated to a fixed temperature (34.0 ± 0.2°C) in a closed vessel with stirring. Headspace vapor is then introduced to the instrument by means of mechanical pumping through a closed loop, where excess vapor is redirected back into the simulator vessel. Solvent concentrations are reported in terms of those present in solution as opposed to those pre- 20 . This feature provides successive samples of the calibration solution from the simulator, with the number of replicates defined by the operator, and then generates a mean aBEC value and coefficient of variation for the set of measurements, so that the reproducibility of the simulator may be assessed.
In cases where the "INTERFERANT DE-TECT" message was observed, no aBEC is recorded on the printed test record. In those cases, the final concentration displayed before the message appeared was recorded.
Results
The results of experiments examining the response of the Intoxilyzer 8000C to various solutions of potential volatile interferants in deionized water or mixtures of deionized water and SAS are presented in terms of the measured aBEC, expressed in units of mg/dL. These units represent those used in forensic casework in the Canadian criminal justice system, as a result of the definition of the legal BEC limit for driving (80 mg/100 mL) outlined in the Canadian Criminal Code. The data presented here can be converted to equivalent breath alcohol concentration units (g/210 L) by division of a given measurement by 1000.
Quantitative response of Intoxilyzer 8000C to ethanol concentration
The quantitative response of the Intoxilyzer 8000C was assessed through analysis of serial dilutions of the SAS, yielding solutions with target apparent aBECs of 100, 70, 50, 20, 10, and 0 mg/dL. Each dilution was analyzed in replicates of 20. The results of this analysis are shown in Figure 1 . The data showed good linearity (R 2 = 0.9995). Deviation from the target aBEC ranged from 0 to 4 mg/dL; coefficients of variation ranged from 0 to 5.1%.
Response of Intoxilyzer 8000C to individual solvents
Acetone. Aqueous solutions of acetone were prepared in concentrations of 5, 10, 20, 22.5, 25, 30 , and 40 mg/dL, and were analyzed in replicates of 20. The results are summarized in Table I . The aBEC generated by these solutions was 0 mg/dL in all cases. Acetone concentrations of 25 mg/dL and greater yielded the "INTERFERANT DETECT" message in all cases, while the frequency of the "INTERFERANT DETECT" message Table I fell as the solution acetone concentration became progressively lower. At an acetone concentration of 22.5 mg/dL, the "INTERFERANT DETECT" message was observed for 15/20 analyses, and at an acetone concentration of 20 mg/dL, the "INTERFERANT DETECT" was observed for 3/20 analyses. No message was observed at an acetone concentration of 5 mg/dL.
Isopropanol. Aqueous solutions of isopropanol were prepared in concentrations of 0, 5, 10, 20, 30, 50, and 100 mg/dL, and were analyzed in replicates of 20. The results are summarized in Table II . At an isopropanol concentration of 5 mg/dL, the aBEC result was 0 mg/dL in all cases. At an isopropanol concentration of 20 mg/dL, the aBEC values were 0, 7, or 8 mg/dL. This occurred because the Intoxilyzer 8000C has a default operation to report all measured BEC values less than 7 mg/dL as 0 mg/dL. Hence, the mean response for this concentration was not recorded in Table II .
Analysis of solutions of isopropanol at concentrations of 30 mg/dL or greater generated the "INTERFERANT DETECT" message in all cases. At an isopropanol concentration of 20 mg/dL, the "INTERFERANT DETECT" message was observed for 1/20 analyses. No message was observed at an isopropanol concentration of 5 mg/dL or 10 mg/dL. Methanol. Aqueous methanol solutions were prepared in concentrations of 0, 5, 10, 20, 50, 75, and 100 mg/dL, and were analyzed in replicates of 20. The results are summarized in Table III . At a methanol concentration of 5 mg/dL, the aBEC result was 0 mg/dL in all cases. At a methanol concentration of 20 mg/dL and greater, measurable aBEC values were observed in all analyses.
A methanol concentration of 100 mg/dL yielded the "INTERFERANT DETECT" message in all cases. At a methanol concentration of 75 mg/dL, the "INTERFERANT DETECT" message was observed for 12/20 analyses. No message was observed for solutions containing 50 mg/dL methanol or less.
Solvent effects in the presence of forensically relevant ethanol concentrations
The effects of various solvents in the presence of key ethanol concentrations of forensic relevance (50 mg/dL and 80 mg/dL) on aBEC were investigated. The data are summarized in Tables IV and V.
Discussion
Various reports have indicated the potential for interference by a variety of solvents with breath alcohol measurements obtained with certain instruments (2) (3) (4) . Consequently, it is critical to characterize the response of all breath alcohol analyzers to such compounds as they are introduced into field use to elucidate the susceptibility to falsely elevated breath alcohol measurements. This requires consideration of whether the instrument interferant detection algorithm, where present, responds to the compounds in question and whether the instrument response and interferant detection scheme are activated at concentrations relevant to scenarios routinely encountered This involves a calibration of the breath alcohol concentration relative to the equivalent concentration in blood. The Intoxilyzer 8000C utilizes a blood-breath ratio of 2100:1 for ethanol, and differs from the Intoxilyzer 8000 in that it reports the analytical results in terms of the equivalent BAC on the instrument printout. A number of reports have suggested that the majority of individuals display a blood-breath ratio in the range of 2300-2400:1 (7, 8) , which implies that the use of breath alcohol as an indirect measure of the blood ethanol concentration results in an underestimation in most cases. In many Canadian jurisdictions, breath alcohol measurements are also represented as truncated values (i.e., the last digit of the measurement is dropped). These effects should be taken into consideration, where applicable, in evaluating the effect of a given compound on aBEC measurements.
Verification of quantitative response
The quantitative response (in vitro) of the Intoxilyzer 8000C to various concentrations of ethanol was verified by analysis of serial dilutions of the SAS. Each dilution was analyzed in replicates of 20. The data are shown in Figure 1 , and show excellent linearity of response (R 2 = 0.9995), indicating that serial dilutions of the SAS may be used to simulate different BEC levels in subsequent in vitro experiments. Importantly, it was noted that the Intoxilyzer 8000C reports all aBEC values less than 7 mg/dL as 0 mg/dL. Consequently, any effect of a potential interferant that would generate an aBEC of 6 mg/dL or less would be reported as 0 in the absence of ethanol.
The data presented in Tables I-III illustrate the response of the Intoxilyzer 8000C to aqueous solutions of acetone, isopropanol, and methanol. These solvents were chosen for examination because a significant body of literature has documented the potential for accidental exposure (e.g., occupational exposure or accidental ingestion), abuse, or endogenous production of these compounds. Single component solutions were first analyzed (i.e., aqueous solutions were prepared to contain only the interferant in question as the solute). The effect on the response of the Intoxilyzer 8000C of each interferant at various concentrations in combination with selected ethanol concentrations was then assessed, in order to determine the extent to which the presence of a particular interferant would alter an aBEC measurement from its expected value. The forensically relevant BEC values of 50 mg/dL and 80 mg/dL were used for this purpose. Some studies have shown that significant impairment to driving-related skills occurs at a BEC of 50 mg/dL in the majority of subjects (9,10); consequently, the measurement of breath alcohol concentrations corresponding to such levels has a high degree of forensic significance. Similarly, the legal BEC limit for operation of a motor vehicle in Canada is 80 mg/dL, so any variables that may influence measured breath alcohol concentrations near this value also have substantial forensic implications.
Acetone. Acetone has been shown to potentially interfere with BEC determinations on a number of instruments such as the Alcotest 7010, Intoxilyzer 4011 (11), Intoxilyzer 5000 series (12) , and even potentially with an alcohol ignition interlock device (13) . Acetone may arise in the blood as a result of exposure by a number of routes (e.g., oral, inhalation) (14, 15) , diabetic or alcoholic ketoacidosis (16, 17) , or through fasting or ketogenic (high protein) diets (18, 19) . In order to assess the effects of acetone on the response Intoxilyzer 8000C, it was necessary to determine the blood acetone concentration ranges that may arise under these circumstances that are relevant to casework involving impaired driving.
Jones et al. (20) reported blood acetone concentrations of suspected drinking drivers, insulin-dependent diabetics, and healthy blood donors. In that study, median blood acetone concentrations were 0.20, 0.19, and 0.13 mg/dL in the three groups, respectively, and blood acetone concentrations in the 97.5th percentile were 1.3, 1.1, and 0.47 mg/dL, respectively. In certain cases, though, blood acetone concentrations may be quite elevated due to ketoacidosis. Sulway and Malins (21) reported elevated blood acetone concentrations in 27 diabetic individuals admitted to hospital for treatment of ketoacidosis. In those cases, blood acetone concentrations ranged from 12 to 61 mg/dL, and 6 of these patients were admitted fully conscious and alert with blood acetone concentrations as high as 30 mg/dL. Occupational exposure to acetone has resulted in measurable blood acetone concentrations. In a study which included examination of 38 workers in a reinforced plastic factory where they were exposed to acetone and styrene, the mean blood acetone concentration was 2.3 mg/dL, measured at the end of shift; and 0.35 mg/dL, measured 16 h later. Finally, in individual case reports, acetone has been detected in people suspected of driving under the influence of ethanol (DUI) at blood levels as high as 220 mg/dL, with only signs of moderate intoxication being present in these individuals and no long lasting effects noted (8, 15, (23) (24) (25) ). An extreme case report detailed an apprehended driver showing signs of intoxication and suspected of ingesting non-beverage alcohol who had a blood acetone concentration of 220 mg/dL with a corresponding blood isopropanol level of 96 mg/dL (22) . Considering the blood acetone concentrations associated with the various conditions of exposure and endogenous production described in the literature, the response of the Intoxilyzer 8000C to acetone concentrations ranging from 5 to 40 mg/dL in deionized water were examined. The data in Table I show that acetone did not generate a measurable response on the instrument when present over this concentration range in aqueous solution in the absence of added ethanol. Furthermore, the "INTERFERANT DETECT" message was activated in all cases at concentrations at or above 25 mg/dL. Given that the Intoxilyzer 8000C reports all measured BEC values less than 7 mg/dL as 0 mg/dL, the response of the instrument to solutions of various concentrations of acetone containing deionized water and ethanol such that the target BEC was 50 or 80 mg/dL was also examined. The data in Tables V and VI show that the maximum increase in aBEC due to the presence of acetone only (i.e., no isopropanol present) was 9 mg/dL, which occurred at an acetone concentration of 50 mg/dL in solutions that had corresponding target BEC values of 50 or 80 mg/dL. At an acetone concentration of 30 mg/dL, the maximum increase in aBEC was 5 mg/dL for both data sets, and the "IN-TERFERANT DETECT" message was actuated in all cases. Consequently, the forensic significance of contributions to aBEC measurements due to the presence of acetone alone is quite low. Undetected elevations in aBEC due to the presence of acetone would be offset to a large extent by the common practice of truncation of breath test measurements, where the final digit in a measured value is truncated to zero (e.g., 86 mg/dL is reported as 80 mg/dL). Furthermore, given the use of a blood-breath ratio (BBR) of 2100:1 in the calibration of breath alcohol concentrations to corresponding BEC values by the Intoxilyzer 8000C, estimations of BEC values are underestimated in the large majority of cases (7,8), which further offsets any effects which may arise due to the presence of elevated blood acetone concentrations.
Isopropanol. Isopropanol has been shown to generate measurable aBEC values using a number of evidentiary breath alcohol analyzers, including the BEC Verifier Datamaster (26), Alcometer S-L2 (25), Intoxilyzer 5000 (12), and Intoxilyzer 4011AS-A (3). A number of reports of cases related to impaired driving in which this occurred exist, with the consumption of isopropanol as an ethanol surrogate being the most likely explanation (15, 22, 26) . Isopropanol concentrations over 200 mg/dL in serum have been determined in comatose, hospitalized patients who most likely consumed the substance (27) (28) (29) .
Physical presentations associated with high blood isopropanol concentrations parallel those associated with moderate intoxication, namely, dizziness, flushing, decrease in blood pressure, incoordination, hemoptysis, nausea, vomiting, stupor, and eventually death from central nervous system paralysis (30) .
Isopropanol may arise in the blood as a result of intentional or accidental exposure via the oral, inhalational, or transdermal routes. More rarely, measurable blood isopropanol concentrations have been reported in association with certain disease states where no direct exposure to isopropanol could be established (31, 32) . Bailey (31) reported the detection of both acetone and isopropanol in 5 acetonemic patients who were not exposed to isopropanol. In those cases, plasma isopropanol and acetone concentrations ranged from 2 to 29.7 mg/dL and 5.8 to 32.1 mg/dL, respectively. In those cases, the acetone concentration exceeded that of isopropanol, with the ratio of acetone to isopropanol concentrations ranging from 0.20 to 5.5, and a mean value of 3.08. It should be underscored that the detection of isopropanol in acetonemic patients not exposed to isopropanol is rare. In this same study, 32 acetonemic patients were examined in which isopropanol was not detected in plasma. Overall in these reports of detection of isopropanol in the blood of acetonemic subjects, reported isopropanol concentrations ranged from 1 to 30 mg/dL.
The data in Table III show that the response of the Intoxilyzer 8000C to aqueous solutions of isopropanol at and above a concentration of 30 mg/dL generated a measurable response and the actuation of the "INTERFERANT DETECT" message in all cases. At a concentration of 20 mg/dL, the aBEC ranged from 7-8 mg/dL, but the "INTERFERANT DETECT" message was actuated in only one of the replicate measurements. These data may be compared with those in Table V , which show the response of the Intoxilyzer 8000C to a solution containing SAS and deionized water (1:1, v/v), such that the aBEC was targeted to measure 50 mg/dL, with and without the presence of acetone at various concentrations. In those cases where the "INTERFERANT DETECT" message was not actuated in all 20 replicates, the instrument response was no more than 7 mg/dL greater than the target value of 50 mg/dL, which occurred at an isopropanol concentration of 20 mg/dL in the absence of any acetone. Although greater deviations from this target value did occur, in all such cases, the "INTERFERANT DETECT" message was actuated each in 20/20 replicate measurements.
Similarly, the data in Table VI show the results of a similar experiment using mixtures of acetone and isopropanol in var-ious concentration ratios (with a maximum concentration of each solvent of 50 mg/dL), dissolved in a mixture of deionized water and SAS such that the target aBEC was 80 mg/dL. Again, for those cases where the "INTERFERANT DETECT" message was not observed in 100% of replicate measurements, the measured aBEC was no greater than 10 mg/dL greater than the target BEC value. The maximum measured aBEC (90 mg/dL) was also observed with an isopropanol concentration of 20 mg/dL, in the absence of acetone. When consideration is given to the variability observed in measurements of samples containing diluted SAS only in Tables V and VI, it is clear that the contribution of the isopropanol in these two cases is consistent. Deviations greater than 10 mg/dL above the target BEC were observed, but the "INTERFERANT DETECT" message was actuated in all such cases.
In considering the response of a breath alcohol analyzer to potential volatile interferants, the primary concern is that the breath alcohol measurement will be falsely elevated to such an extent that the measured concentration would exceed the designated limit for the operation of a motor vehicle. It is possible that elevated blood acetone or isopropanol concentrations may lead to a forensically significant BEC overestimation in cases where the BEC is high enough (e.g., greater than 70 mg/dL) so that the influence of the interferant would be sufficient to increase the measured BEC above the per se limit (e.g., 80 mg/dL), without actuation of the "INTERFERANT DETECT" message. The data in Tables V and VI suggest that this may occur only at a narrow range of BEC values, and as a result, the risk of such an event is correspondingly low. Additionally, the subjects in such cases may display disproportionately severe symptoms of impairment, as it has been noted that intoxication at a given blood isopropanol concentration is roughly equivalent to that observed at a BEC that is twice as high (33) . Overall, the data in Tables I, II , V, and VI strongly suggest that the likelihood of forensically significant overestimation of the blood alcohol concentration due to contributions from acetone or isopropanol at concentrations relevant to impaired driving scenarios without actuation of the "INTERFERANT DETECT" message is low, given the common practice of truncation of breath test results and the use of a BBR of 2100 in converting breath alcohol measurements to corresponding blood concentrations.
Methanol. Methanol has been shown to generate aBEC values on the Intoxilyzer 4011 (3) and the Intoxilyzer 5000 series (2) instruments. In none of these cases was an interferant detection mechanism actuated. Methanol has been shown in vitro to produce aBECs on the Intoxilyzer 5000C at all tested concentrations from 40 to 791 mg/dL, leading to measured apparent breath alcohol concentrations ranging from 0.003 to 0.649 g/210 L, respectively, which correspond to equivalent aBEC values of 3-649 mg/dL (2). Methanol has also been shown to produce apparently additive BEC readings on the Drager 7110 MK III (4) . It is important to note that not all methanol concentrations examined in these cases were forensically relevant to casework related to impaired driving. Because toxicity occurs largely through the formation of the metabolite formic acid, blood methanol concentrations associated with toxicity may have a wide range. For example, in a recent report of methanolrelated deaths, postmortem blood methanol levels ranged from 30 to 755 mg/dL with the majority over 100 mg/dL (34) . Low postmortem blood methanol concentrations in deaths attributed to methanol toxicity are generally associated with elevated concentrations of the toxic metabolite, formic acid (35) . Co-ingestion of ethanol can inhibit methanol metabolism through competitive inhibition of alcohol dehydrogenase, resulting in elevated blood methanol concentrations with little symptomology associated with methanol/formic acid toxicity. Indeed, Jones and Sternebring (36) reported the detection of methanol in the blood of subjects classified as "dependent alcoholics" at levels up to 2.8 mg/dL. It has been suggested that peak blood methanol concentrations less than 20 mg/dL are generally associated with little or no toxic symptomology (37) .
In this work, the presence of methanol generated measurable aBEC values without actuating the "INTERFERANT DE-TECT" message in measurements of aqueous methanol solutions at methanol concentrations of 50 mg/dL and below. At a methanol concentration of 50 mg/dL, the maximum aBEC was 30 mg/dL, and at a methanol concentration of 20 mg/dL, the maximum aBEC measured was 12 mg/dL. The data in Table IV show the effect of the combined presence of methanol and ethanol on aBEC measurements, when ethanol is present in the form of diluted SAS such that the target aBEC was 50 mg/dL. In those cases, the presence of methanol at a concentration of 50 mg/dL resulted in a maximum aBEC of 80 mg/dL, although the "INTERFERANT DETECT" message was actuated in all 20 measurements. When the methanol concentration was 20 mg/dL with a corresponding ethanol concentration of 50 mg/dL, the maximum aBEC was 61 mg/dL, and the "IN-TERFERANT DETECT" message was not observed. Consequently, the presence of SAS in the solution reduced the methanol concentration at which the "INTERFERANT DE-TECT" message was displayed.
Overall, it is possible that forensically significant contributions to a BEC measurement due to the presence of methanol will occur without actuation of the "INTERFERANT DETECT" message on the Intoxilyzer 8000C. This is also made possible by the fact that the onset of toxic symptomology may be delayed by a number of hours (36) after methanol ingestion. However, the risk of such an event is low, because indicia of methanol toxicity are likely to be present at blood methanol concentrations above 20 mg/dL. Thus, although it is possible that the presence of methanol may generate false elevations in measured BECs with forensically significant consequences, the incidence of such situations should be minimized through appropriate observation of subjects for symptoms of intoxication that seem disproportionate with the observed breath alcohol measurement.
Impact of experimental design
In this work, potential interferants were introduced to the Intoxilyzer 8000C from aqueous solutions. The concentration ranges of those solutions were chosen on the basis of those observed in the toxicological literature as being typically associated with nonfatal toxicity through exposure or endogenous production. Moreover, the data was interpreted in the context of the solvent concentrations in aqueous solution, as opposed to the concentration of a given solvent in the vapor introduced into the Intoxilyzer 8000C, so that some comparison could be made between aBEC values observed, the incidence of the "INTERFERANT DETECT" message, and blood or plasma solvent concentrations equivalent to those examined here reported in the toxicological literature.
One difficulty that arises from this approach is the inequality between the blood-air partition ratio (λ B ) and the water-air partition ratio (λ W ) of a given volatile solvent, where λ W typically exceeds λ B for the solvents examined here (38, 39) at 37ºC. One consequence of this inequality is that a blood solvent concentration equivalent to a given aqueous solvent concentration examined here would have an associated breath solvent concentration greater than the vapor-phase solvent concentrations introduced to the instrument in this work. While this would result in a greater aBEC contribution resulting from the presence of the solvent, it would also result in a lower threshold for actuation of the "INTERFERANT DETECT" message than is observed in an experimental configuration which uses aqueous solutions. To a first approximation, the extent to which the solvent concentration in the vapor phase would be increased at a blood concentration equivalent to a given water concentration may be estimated by the following relation:
Eq. 2
where C Solvent-Breath represents the solvent concentration in the vapor phase above either matrix. This equation treats the blood-breath system as existing at a simple vapor-liquid equilibrium. Sato and colleagues have published partition ratio data (38, 39) , measured using in vitro experimental configurations, reporting blood-air partition ratio values for acetone, isopropanol, and methanol of 245, 848, and 2590, respectively; and water-air partition ratio values for acetone, isopropanol, and methanol of 395, 1500, and 3330, respectively. Using these values, the breath concentration of solvents may be expected to be approximately 61%, 77%, and 29% greater than those generated in the configuration used here (aqueous solutions). A similar relation may then be used to estimate the blood solvent concentration which would correspond to the aqueous solvent concentration which generated the "INTERFERANT DETECT" message: where C Solvent represents the solvent concentration in either the blood or aqueous matrix. Equation 3 predicts threshold concentrations for actuation of the "INTERFERANT DETECT" message corresponding to 62%, 57%, and 78% of those observed in aqueous solution for acetone, isopropanol, and methanol, respectively. However, it must be kept in mind that such in vitro models of solvent partitioning between the vapor phase and a liquid matrix may not necessarily reflect that actual partition ratios observed in vivo (40) due to the effects of cooling of the breath, exposure to conducting airways, breathing patterns, etc., which imply that a breath sample does not represent a system at equilibrium.
Conclusions
Using an in vitro experimental configuration, the Intoxilyzer 8000C has been shown to display some measurable and concentration dependent response to acetone, isopropanol and methanol. The interferant detection mechanism was found to respond to all solvents, but at different threshold concentrations. For each solvent, there was at least one concentration examined where the interferant detection mechanism was actuated in some, but not all, of the replicate measurements made. At those solvent concentrations where the interferant detection mechanism was not actuated 100% of the time, the maximum increase in aBEC that resulted was 6 mg/dL (20 mg/dL acetone in deionized water/SAS with target BEC of 50 mg/dL), 10 mg/dL (20 mg/dL isopropanol in deionized water/SAS with target BEC of 50 mg/dL), and 46 mg/dL (75 mg/dL methanol in deionized water). In the case of acetone and isopropanol, the risk of a forensically significant false elevation in aBEC (i.e., where an individual with a BEC less than the legal limit displays an aBEC in excess of the legal limit) is low, given the practice of truncation of measurements, the use of a blood-breath ratio in the Intoxilyzer 8000C of 2100:1, which results in an underestimation of the BEC in the majority of cases, and the requirement of tolerance to such potentially toxic concentrations of the two volatiles. The likelihood of an inappropriate charge being applied to an accused may also be further reduced in those jurisdictions where a formal charge of driving with a BEC in excess of the legal limit is not laid unless the measured BEC is at least 10 mg/dL or more greater than the per se BEC limit, in order to account for the variability in BEC measurement. The potential for an undetected contribution to the breath alcohol measurement is greater when methanol is present. However, with appropriate monitoring of the subject, the likelihood of such a scenario may be minimized.
Finally, it should be noted that the presence of the solvents examined here (in addition to ethanol) at concentrations that would sufficiently elevate a given breath alcohol measurement to a level in excess of the legal limit for driving would almost certainly be associated with some impairment in the faculties required for safe driving. Thus, by monitoring the accused subject for signs of impairment that are disproportionate with the results of the breath alcohol measurements, the presence of potential interferants in a given case may be more easily detected.
